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Tetraquocopper(il)nitrosopentacyanoferrate(Il) forms |[Cu(am)(H,0),|
|[Fe(CN);NO|- H,O-type complexes, where am = methyl-, ethyl-, propyl-,
butyl- and amylamine: these complexes have already been characterised by
the authors elsewhere. All complexes contain one molecule of lattice water,
three molecules of coordinated water and one molecule of amine. Thermo-
gravimetric analysis indicates that cation dissociation is followed by anion
dissociation. Kinetic parameters, e.g. rate of reaction, order of reaction and
apparent energy of activation, have been determined. Energy of activation
values show that the coordinated water is slightly weaker than the coordi-
nated amine ligand.

INTRODUCTION

Recently, some work has been done on the thermogravimetric analysis of
simple amine complexes of transition metals but complexes of the type
under investigation where both cation and anion are complexes have not
been studied in detail [1-5].

Many methods have been developed for deriving kinetic data from
thermogravimetric curves [6-8]. Of these, the best method for the computa-
tion of thermogravimetric data gives the rate constant and energy of activa-
tion values from plots of |—In(1 —a)"/” vs. time and {—In[—In(1 —
a)]"/"y/T? vs. 1000/T for n= 1.

EXPERIMENTAL

Thermogravimetric analysis was performed on a thermobalance supplied
by Fertiliser Corporation of India. Mass loss data was obtained at a heating
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rate of 10°C min™'

given in Table 1.

up to 1073 K. The observed and calculated values are

RESULTS AND DISCUSSION

The rate of thermal dissociation of a complex was determined from the
rate at one or more stages; the mid point of thermal decomposition was
taken for rate constant determination for any individual reaction [9]. Above
573 K, similar plots were obtained for all the five complexes studied but the
plots were slightly different in the range 293-573 K. Representative plots of
the complex |Cu(CH;NH, )(H,0),|Fe(CN);NO|- H,O are given in Figs. 1
and 2. Values of a were calculated from mass-loss data using the expression
a=(w,—w;)/(w,—w,;), where w, = mass at time/temperature, w, = initial
sample mass, and w; = residual mass at the end of the process under study.

The results of thermogravimetric analysis clearly distinguish the various
thermal reactions occurring over different ranges of temperature. All the five
complexes contain one molecule of lattice water and three molecules of
coordinated water. Thermal decomposition begins with weight loss at 333 K
resulting from the loss of the lattice-water molecule. The deaquation of
lattice water is completed at 413, 383, 393, 393 and 433 K in complexes 1-5
(as listed in Table 1), respectively. This stage is indicated by the presence of
a break in the thermogravimetric curve. The deaquation of the three coordi-
nated water molecules in all the complexes begins after deaquation of the
lattice water molecule and is completed at 543, 533, 473, 513 and 513 K in
complexes 1-5, respectively. As expected, the energy of activation of coordi-
nated water is higher than that of lattice water.
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ig. 1. [—In(1— &))'/" vs. time for [Cu(CH,NH, }H,0),][Fe(CN);NOJ-H,0 with n = 1.
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Fig. 2. {—In[In(1— a)]'/"}/T?* vs. 103/T for [Cu(CH;NH,)(H,0),;][Fe(CN)NO]-H,O with
n=1.

Deamination begins at 543, 533, 493, 513 and 513 K and is completed at
573, 573, 563, 573 and 573 K in complexes 1-5, respectively, corresponding
to loss of methyl, ethyl, propyl, butyl and amylamine. The temperature at
which deamination occurs shows that the strength of the amine ligand
decreases on going from methylamine to amylamine because of the increase
in the bulky nature of the amine series. The strength of the Cu—N bond,
therefore, decreases as the molecular weight of the amine increases. The
absence of any horizontal plateau in the thermogravimetric curve also
indicates that the decomposition of coordinated water and amine overlap.

At 573, 573, 563, 573 and 573 K the decomposition of the cation portion
of the complexes is complete for complexes 1-5, respectively. At these
temperatures a small break is observed in the thermogravimetric curves of all
the complexes as the anion portion of the complexes, viz. [Fe(CN),NQ]| starts
to decompose. First, the NO group is evolved, as indicated by the ap-
pearance of brown fumes, followed by the decomposition of CN groups. At
the end of the complete decomposition of the complexes, a black residue is
obtained probably of metal carbide and nitride. All the reactions have been
found to be of the first order.

To conclude, the ligands can be arranged in order of their increasing
strength in the spectrochemical series as: H,O lattice < H,O coordinated <
C,H,\NH, < C,H,;NH, < C;H,NH, < C,H,NH, < CH;NH, < NO < CN.
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